The efficient storage and germination of seeds underpin the effective use of plants for livelihoods and sustainable development. A total of 204 wild species useful for local communities of the Tehuacán-Cuicatlán Valley were collected and stored in seed banks in country for long term conservation, and 66 % (i.e., 134) duplicated in the U.K., as an effective means of ex situ conservation. Of the 204 species, 147 (122 of which also duplicated in the U.K.) were previously listed as useful plants in the ethnofloristic inventory of the Valley. Based on literature surveys, we found that one of the major impediments to the use of stored seeds of wild species is the lack of knowledge of how to germinate the seed. In detailed studies, we found that seeds of 18 useful plant species from 10 different families germinated readily and could be propagated. In contrast, four species (Actinocheita filicina, Bursera submoniliformis, Karwinskia mollis and Lippia graveolens) produced dormant seeds and therefore further studies are needed before their use can be maximised in large scale propagation programmes in support of conservation and livelihoods. Overall, this large-scale study on useful wild plant species in Mexico confirms that conventional seed banking can effectively support sustainable development and livelihood programmes.
Introduction
Current global plant diversity extinction is estimated to be as much as 100-to 1000-fold higher than during the recent geological past (Pimm et al. 1995) . In situ conservation measures, such as the protection and restoration of natural habitats, are the best methods of preserving plant diversity (CBD 2002) . However, ex situ conservation acts as a back-up for certain segments of diversity that might otherwise be lost in nature and in human-dominated ecosystems, generally through the maintenance of clonal crops in field gene banks and in vitro banks, certain trees in conservation stands, and many seed-bearing species in botanic gardens and/or in conventional or cryogenic seed banks (Li and Pritchard 2009) . One of the most effective ways to conserve ex situ plant diversity is through germplasm storage in seed banks, which allows the preservation of large amounts of genetic material in a small space and with minimum risk of genetic damage (Iriondo and Pérez 1999) , at least for species with orthodox (i.e. desiccation tolerant) seeds. Such seeds tolerate drying to very low moisture contents (B3-7 % fresh weight), and their longevity increases as moisture content and temperature are reduced (Roberts 1973) . In situ and ex situ conservation approaches should be viewed as complementary rather than alternative. However, there are economic drivers working against in situ conservation, with the costs for ex situ conservation being estimated as little as 1 % of those needed for in situ, although ex situ conservation must still address some technical challenges (Li and Pritchard 2009) .
Seed collecting represents a first critical step of the seed banking process, which should be adressed carefully in order to achieve high quality seed collections, capture the highest genetic diversity of the targeted populations and, at the same time, not pauperize their in situ genetic resources. In particular, seed collections may be affected by high percentages of empty or damaged (by insects or pathogens) seeds (Way 2003) .
Once collected, one of the major impediments to the potential use of wild species germplasm for species reintroduction or habitat restoration is the lack of knowledge of how to break seed dormancy and enhance germination (Hay and Probert 2013) . Intact viable seeds may fail to complete germination even under favourable conditions and this phenomenon is called ''seed dormancy''. The primary function of seed dormancy is to prevent germination during periods that are unsuitable for germination and establishment or, more precisely, when conditions are suitable for germination, but the probability of survival and growth of the seedlings is low (Fenner and Thompson 2005) . Dormancy is likely to be lost during storage, and the conditions required for germination (in particular, temperature) become less specific (Probert 2000) , although the rate of dormancy loss is likely to be slower in seed bank storage than it would be in room conditions (Roberts 1988) . During seed bank storage, induction of dormancy can also occur (e.g. Pérez-García et al. 2007 ) and in the Millennium Seed Bank (MSB) of the Royal Botanic Gardens, Kew (RBG Kew) there have been instances where stored accessions have failed a germination retest carried out using the same treatments and/or conditions that were found to be optimum at the start of the storage (Hay and Probert 2013) .
These issues are of particular relevance when working with wild species, whose seed dormancy breaking and germination conditions are unknown or poorly investigated and for which ex situ conservation is intended as a support to their propagation and reintroduction. Useful wild species are still poorly represented in gene banks' collections (Padulosi et al. 2002) whilst ex situ conservation of crop diversity, as a global concern, has received historic support in the development of an efficient and sustainable system recognized in international law and policy, as recently confirmed by the safety duplication collection in the Svalbard Global Seed Vault (Westengen et al. 2013 ). However, a more recently study concluded that the diversity of crop wild relatives is also poorly represented in gene banks, with over 70 % of taxa identified as high priority for further collecting (Castañeda-Á lvarez et al. 2016) .
The cultural area known as Mesoamerica (between central Mexico and northern Costa Rica) is recognized as one of the most important centres of cultural diversity and biological richness of the world (Hernández-Xolocotzi 1993; Rzedowski 1993; Toledo et al. 1997) . Humans and plants have interacted here for nearly 12,000 years (MacNeish 1992) and such a long and systematic interaction has led to the construction of rich knowledge regarding the use of a wide range of plants. It has been estimated that nearly 5000-7000 species are used in Mexico (Casas et al. 1994) . Nearly 90 % of these useful plants are native wild species gathered traditionally (Caballero et al. 1998) , whereas nearly 20 plant species (such as corn, beans, cocoa, chili peppers, cotton, and squashes) are important economic crops on a global scale whose extraordinary diversity of landraces and populations of wild relatives constitute highly relevant genetic resources (Lira et al. 2009a) .
The Tehuacán-Cuicatlán Valley (Puebla, Central Mexico) is probably the most diverse arid region of North America (Dávila et al. 2002) and it is now an important natural protected area. The relationship between humans and plants in the area is as important today as it has been historically and these interactions, from prehistory to the present day, have been well documented (Casas et al. 2001) . Lira et al. (2009a) recorded a total of 1,605 useful vascular plant species (61.2 % of the total species richness of the regional vascular flora) for this Valley, which shows the highest absolute richness of useful plants in Mexico. Since February 2002, the RBG Kew and the Facultad de Estudios Superiores, Iztacala (Fes-I) of the National University of Mexico (UNAM) have been working together for the seed conservation of wild endemic, narrowly distributed, rare and threatened plant species or wild relatives of economically important species from the arid and semiarid areas of Mexico (León-Lobos et al. 2012 ). This collaboration was established under an Access and Benefit Sharing Agreement (ABSA) in the framework of the MSB Project (lately MSB Partnership). The ex situ conservation and study of useful plants of the arid and semiarid areas of Mexico has been carried out since 2007 through ''The Project MGU-the Useful Plant Project'' (UPP) under the umbrella of the MSBP. The UPP, managed by RBG Kew, uses an applied scientific approach to conserve and sustainibly use indigenous plants which are important to local rural communities in Mexico, Botswana, Mali, Kenya and South Africa. The project has brought together staff from RBG Kew, and a wide range of national scientific institutions, to help local communities tackle the environmental challenges threatening their livelihoods through the conservation and sustainable use of indigenous plant species (Ulian et al. 2016) . The UPP in Mexico has been led by Fes-I UNAM, based in Mexico City, and has worked in the Coxcatlán municipality (Puebla) in the Tehuacán-Cuicatlán Valley. Seeds were collected and stored at the Fes-I Seed Bank and duplicated at the RBG Kew's MSB in the U.K. Propagation activities were carried out at the Fes-I UNAM and replicated in the local communtity, in the framework of the project.
Therefore, the aim of this paper was to evaluate the contribution of seed banking and germination studies on the conservation of useful wild plants as a support to sustainable development and livelihood programmes.
Materials and methods

Study area
The study area was limited to the Coxcatlán municipality in the Tehuacán-Cuicatlán Valley and in particular to the villages of San Rafael, San José Tilapa and Guadalupe Victoria, in the state of Puebla (Central Mexico). This area, which covers ca. 6 km 2 , is located at ca. 1200 m a.s.l., and the local climate is semi-arid to arid. The mean annual temperature is 22°C, varying between 25°C in April and May, and 18°C in January. Rainfall is concentrated in the summer, from June until September and the total annual precipitation is 394.6 mm (Medina 2000) . The main communities originated from the state of Oaxaca and southern Puebla. Their understanding of the local natural resources grew through the adoption of knowledge from neighbouring villages and the discovery of new uses of the local species (Rosas 2003) . The most important economic activity in the region is the production of sugarcane, beans, squashes and maize, which is complemented by the gathering of wild plants and insects (e.g. ''cocopaches'', Thasus sp., Coreidae) for direct consumption or commercialization (Pardo 2001) .
Seed banking
The ethnofloristic inventory carried out by Lira et al. (2009a) for the whole Tehuacán-Cuicatlán Valley was used as a reference of useful plants present in the study area. This inventory originally counted 1605 useful plants belonging to 671 genera and 147 families (Lira et al. 2009a) . For the purpose of this study, only vascular plants were considered and the list was nomenclaturaly checked and updated according to The Plant List (2013) . In addition, the desiccation tolerance of the seeds of these species were evaluated using the Seed Information Database, SID (Royal Botanic Gardens Kew 2014) so that species with (or likely to have) intermediate or desiccation sensitive seeds were discarded. This led to a total of 1,162 useful vascular plants, belonging to 578 genera and 111 families, with a putative orthodox seed storage behaviour (see Appendix 1).
From 2007 to date, seed collection expeditions have been carried out in the study area as an activity of the UPP (Ulian et al. 2016) . Ethnobotanical, biological, and ecological information on useful plants was documented by consultations with local communities and through literature reviews (e.g. Lira et al. 2009a ). Plants with a putative orthodox seed storage behaviour (see Appendix 1) were then prioritized for seed collecting, although opportunistic collections were also made on other useful native wild species identified in the study area. The choice of the optimal timing for seed collection, as well as harvesting methods and quantity of material to be collected, were regulated by legal (ABSA), ethical and scientific criteria that guarantee a high quality of the collected material (Way 2003) and avoided the pauperization of the in situ genetic resources (Menges et al. 2004) .
The collected seeds have been stored in the Fes-I UNAM Seed Bank. Seeds of species for which a seed desiccation sensitive behaviour is reported, or could be inferred, were not collected, while collected seed lots have been banked following the procedures for orthodox seeds (Terry et al. 2003) . Once in the bank, after the samples had been registered, seeds were stored in the lab (23°C and R.H. 28 %) and cleaned manually and mechanically by a gravimetric separator (Mod. CB-1, Agriculex Inc.). Priority for the cleaning was given to fresh fruits for which seeds are separated from the pulp under running tap water and then left to dry. To achieve seed moisture content values between 3.5 and 6.5 % (Linington 2003) viable seeds were then placed in the dry room (T 14°C and R.H. 11 %) for 4-6 weeks and then stored at -20°C in aluminium bags. Duplicates of seed lots (when enough seeds were available) were sent after drying to the MSB (U.K.) for backup storage and testing.
In country germination experiments
Seed lots were tested for germination at Fes-I UNAM Seed Bank using an incubator (ICP-18 d-c/iv Lumistell Ò ) set at the constant temperature of 30°C and a photoperiod of 12 h of irradiance per day (with 10 white neon lights corresponding to 5100 lux). The incubation temperature is coherent with the requirement of high germination temperatures for species of hot deserts and semi-deserts, which range, according to their life forms, from ca. 20 to ca. 27°C for annuals and vines, respectively (Baskin and Baskin 2014) . This pattern was recently confirmed by Ordõnez-Salanueva et al. (2015) , who identifed an optimum temperature for germination rate of ca. 30°C for seeds of two Polaskia species collected in the study area (Puebla, Tehuacán-Cuicatlán Valley). Light requirement for seed germination is reported to be related to seed mass, with seeds smaller than 1.5 mg likely to require light for germination (Jankowska-Blaszczuk and Daws 2007) . Seed mass of the collected species ranged from ca. 0.05 mg to ca. 1.2 g for Nicotiana glauca and Proboscidea louisianica, respectively (Royal Botanic Gardens Kew 2014), with 25 % of the collected species having a seed mass B1.5 mg (data not shown).
Cleaned seeds were sown on the top of one sheet of filter paper, in 60-or 90-mm-diameter glass Petri dishes (3 replicates of 20 seeds each), according to seed size. Seeds were sown without any pre-treatment except for those of Leguminosae which were chipped before sowing to break physical dormancy and allow water imbibition. Germination was defined as visible radicle emergence to C1 mm and germinated seeds were scored three times a week. Germination tests lasted 20 days and then at the end of the test, a cut-test was carried out to determine the viability of the remaining seeds. Soft, mouldy seeds were considered to be non-viable.
Seed testing at RBG Kew's MSB Seed lots duplicated at the RBG Kew's MSB were tested after cleaning for seed lot quality and germination and viability. In order to estimate seed lot quality, empty or insect-infested seeds present in a subsample (approximately 50 seeds) of the whole seed lot were evaluated using a MX20 Faxitron X-ray unit, with a \20 lm focal spot and 59 geometric magnification (Faxitron Bioptics, LLC, Tucson, Arizona).
Seed germination was assessed about 1 month after storage at -20°C. The number of seeds in each treatment sample was usually 20 or 50 seeds, according to seed availability. For very small collections, as few as 10 seeds were used although seed lots with less than 500 good quality seeds were left untested. Seeds were sown on 1 % water agar in plastic Petri dishes and then placed at an appropriate temperature in an illuminated incubator (8 h fluorescent light/16 h dark). Germination (usually to C1 mm protrusion of radicle) was recorded weekly and the germinated seeds removed and discarded. When no germination occurred during 2 weeks following 4 weeks of testing, the test was terminated and the remaining seeds evaluated by a cuttest to ascertain whether they were full, empty or mouldy. Soft, mouldy seeds were considered to be nonviable. The particular germination conditions to break seed dormancy for the investigated species (gibberellic acid in the substrate, scarification or stratification treatments) were chosen according to data accumulated previously at the RBG Kew and by information from literature (Terry et al. 2003) .
Data analysis
The representativeness of each family in the inventory of useful plant families of the Tehuacán-Cuicatlán Valley (Appendix 1) was calculated as the percentage of useful species in the family against the total number of species in the inventory. The representativeness of each useful plant family against the total useful species stored at the Fes-I Seed Bank was calculated in the same way.
According to Godefroid et al. (2010) , the dormancy status was determined using the following equation (Offord et al. 2004) :
The percentage of germinated seeds was calculated on the basis of tested viable seeds. For the purpose of this study this index does not include physical dormancy as seeds of species for which this was assumed (i.e. Leguminosae) were scarified before sowing for germination. The higher the value of the index the more likely that the seed lot was dormant, and DI C0.4 was used as threshold value to indicate dormancy (Offord et al. 2004 ). Simple linear regressions were fitted to identify correlations among the most important families of the Tehuacán-Cuicatlán Valley and those stored at the Fes-I UNAM Seed Bank and between the DI values achieved for each species at both the RBG Kew's MSB and Fes-I UNAM. Statistical analysis were carried out using R v. 2.14.1 (R Development Core Team 2011).
Uses of species were compiled from Lira et al. (2009a) and complemented by field observations through during the UPP. The standardization of plant uses followed the first level of uses in the ''Economic Botany data collection standards'' (Cook 1995) revised together with the author of the standardization through the work of the UPP.
Results
Seed conservation
The families of the Tehuacán-Cuicatlán Valley which had most useful plants with orthodox seeds, were Poaceae, Leguminosae, Compositae, Cactaceae, Cyperaceae, Solanaceae, Euphorbiaceae, Malvaceae, Asparagaceae and Crassulaceae. Figure 1A reports their proportions, expressed as a percentage of the species in each family relative to the total number of species of the inventory of useful plants (Lira et al. 2009a , modified; Appendix 1). During the UPP, a total of 204 useful plant species, from 142 genera and 48 families, were collected and stored at the Fes-I UNAM Seed Bank. Of these, 147 (belonging to 104 genera and 36 families) are included in the inventory of useful plants (Appendix 1). Therefore ca. 12 % of the useful plants of the whole Tehuacán-Cuicatlán Valley is currently stored for long term conservation at the Fes-I UNAM Seed Bank. Furthermore, 134 taxa from 101 genera and 40 families are also duplicated at the RBG Kew's MSB and 122 of them (belonging to 91 genera and 36 families), included in the inventory of useful plants (Appendix 1).
The representativeness of the most important families of the Tehuacán-Cuicatlán Valley in the Fes-I Seed Bank, calculated as percentage of species in respect to the total of useful species stored at the seed bank, is reported in Fig. 1b . Representativeness of the useful plant families on the inventory and that of those stored at the Fes-I UNAM Seed Bank had the same trend (R 2 = 0.25; p = 0.0008; y = 0.44x ? 1.49; n = 41), except for the Poaceae and Cyperaceae which are underrepresented and the Cactaceae which are overrepresented (Fig. 1B) . A linear regression carried out without Poaceae and Cyperaceae confirmed this correlation (R 2 = 0.89; p \ 0.0001; n = 39), with a x coefficient close to 1 (a = 1.25; Fig. 1B ).
Uses
All the main categories of uses were represented by the species stored at the Fes-I Seed Bank. The most represented are species with environmental uses (22.3 %), followed by species used as medicines (18.7 %), fodder (animal food, 16.2 %) food (15.7 %) and materials ( Fig. 2A) . In Fig. 2B the records of uses are grouped for each of the 10 most important useful plants families (see Fig. 1A ).
Leguminosae is the family with the highest number of records of uses (62), followed by Cactaceae (42), Compositae (39) and Asparagaceae (29; Fig. 2B ). Cactaceae is the family with the highest number of species used as food, Leguminosae and Compositae have the most species used as medicines and Asparagaceae has most used as materials (Fig. 2B) .
Seed lot quality
The X ray analysis was carried out on seed lots of 72 species duplicated at the RBG Kew's MSB. Only 11 taxa (which correspond to the 15 % of the analysed Lira et al. 2009a, modified) and that of families stored at the Fes-I UNAM Seed Bank. Data are expressed as percentages of the total number of useful species in the inventory (Lira et al. 2009a, modified) and of that of useful species stored at the Fes-I UNAM Seed Bank. Linear regression was calculated without considering the values of Cyperaceae and Poaceae (grey circles); n = 39. The five most important useful plant families have been labelled (see Fig. 1 ) and the 1:1 line has also been plotted in the graph taxa) had a percentage of filled seeds B50 % (Table 1) . About 70 % of the stored species had very few empty and infested seeds with [ 80 % of filled seeds.
Seed dormancy breaking and germination requirements
Seed germination experiments were carried out on seed lots of 77 species at the Fes-I UNAM Seed Bank. The results highlighted a poor seed viability for only 3 species, Heliocarpus terebinthinaceus (Malvaceae), Jatropha neopauciflora (Euphorbiaceae) and Actinocheita filicina (Anacardiaceae) showing values \50 % (Fig. 3) . The majority of the seed lots (75 %) showed viability values higher than 90 % (Fig. 3) . About 51 % of the investigated species showed Dormancy Index values lower than 0.4 (i.e. non dormant) with 27 % being completely non dormant (DI = 0; Appendix 2).
On the contrary, seeds of five species were completely dormant (DI = 1): Coursetia caribaea (Leguminosae), Passiflora foetida (Passifloraceae), Cardiospermum halicacabum (Sapindaceae), Melochia tomentosa (Malvaceae) and Bursera aptera (Burseraceae).
Seed germination experiments were carried out on 51 species at the MSB. Results and conditions applied are listed in Appendix 2. Nine taxa (corresponding to 18 %) were dormant (DI [ 0.4; Table 2), while the remaining 82 % of the tested species had seed lots with DI values lower than 0.4 and therefore could be considered as non dormant, with 51 % (26 species) being completely non dormant (DI = 0; Appendix 2). Differences on DI values for the same species were due to the different applied germination conditions (see Appendix 2).
Seed germination experiments were carried out both at the RBG Kew's MSB and at the Fes-I UNAM Seed Bank for 35 taxa. The linear regression did not Table 2 . The 16 taxa for which the non dormant satus (i.e., DI\0.4) detected at the RBG Kew's MSB was confirmed by the results achieved at the Fes-I UNAM are listed in Table 3 .
Discussion
Conventional seed banking of useful plant species
Although the activities of the UPP focused in an area which corresponds to less than 1 % of the whole Tehuacán-Cuicatlan Valley, ca. 12 % of the whole flora of bankable useful plants (i.e. desiccation tolerant species; see Appendix 1) have been collected and stored at the Fes-I UNAM Seed Bank. This excludes the Fagaceae, one of the most important useful plant families in the Valley (Lira et al. 2009a) , including the genus Quercus in particular whose species have been reported to have recalcitrant seeds (Hong et al. 1998; Xia et al. 2012 ) and for which alternative measures, such as cryopreservation of the embryonic axes, should be applied in order to guarantee their long term conservation (Gonzalez-Benito and Perez-Ruiz 1992). These results are of particular importance when the poor representation of underutilised species, including crop wild relatives, in ex situ gene banks' collections globally (Padulosi et al. 2002; Castañeda-Á lvarez et al. 2016 ) is considered in conjunction with the potential loss of effectiveness of protected areas (i.e. in situ conservation) in preserving underutilised species under future climate change conditions (Lira et al. 2009b) .
The most useful plant families with desiccation tolerant seeds are well represented in terms of number of useful species stored at the Fes-I UNAM Seed Bank, except for Poaceae and Cyperaceae. These two families are among the most demanded plants that are used as fodder (Lira et al. 2009a ). However, their difficult taxonomic identification in the field as well as the unpredictability of their seed dispersal time, which in annual species living in semiarid environments is strongly related to rainfall patterns, affected the planning and implementation of seed collection for these species. The selection of target species for seed collections was also influenced by the preference of local rural communities for human food and multi-purpose species, such as the Cactaceae (Lira et al. 2009a) , which are over-represented among the collections of the Fes-I Seed Bank. This positive bias on representativity may therefore be determined by a sort of ''flag species'' effect, in order to answer the needs of the communities involved in the UPP which aimed to support the improvement of their wellbeing (Ulian et al. 2016) . It should also be highlighted that for conservation value, only 83 taxa of Cyperales (Cyperaceae plus Graminae/Poaceae) are listed in the IUCN Global Red List, with only one of them (Carex austromexicana Reznicek) reported as critically endangered (CR), whilst these figures increase to 596 taxa (32 CR) for the Cactaceae (IUCN 2015) . It should also be considered that these figures refer to the UPP only, whereas a broader seed collecting and conservation programme focusing on plant conservation in the drylands has been active since 2002 in the same region through the MSB Partnership (see León-Lobos et al. 2012 ).
Seed longevity under conventional seed banking conditions
High viability was detected for the stored seed lots, reaching an average of 92 %, with the majority of them (75 %) showing values higher than 90 %. These data confirm the high quality of the banked seed lots and their potentiality for use in plant propagation activities. Godefroid et al. (2010) , in a study on seed germination and capacity and viability of threatened wild species stored at the National Botanic Garden of Belgium Seed Bank, found that seed viability of the 250 tested species reached on average 79 %. However, while viability tests of this study were carried out at the beginning of the storage (after one month; Terry et al. 2003) , the results of Godefroid et al. (2010) refers to seed lots stored up to 26 years. As reported by the same authors, some species may have declined in seed viability during storage because they are short lived. This has been experimentally confirmed by Probert et al. (2009) , who showed that longevity is related to seed structure and the climate of the area from where they were collected. Species with endospermic seeds appear to be typically short lived, and seeds from species originating in cool, wet environments are likely to have shorter lifespans than those from warm, dry environments (Probert et al. 2009 ). Therefore, further studies with controlled ageing tests (Newton et al. 2014) should be carried out, considering that all the bankable most useful plant families of the Valley, except Leguminosae, are constituted by species with endospermic seeds (Fig. 4) .
Difficult seed collections
Alternative conservation measures should be considered for species producing few filled seeds (see those identified in this study in Table 1 ), because seed collection efforts made in the field did not produce a seed lot representative of the genetic diversity of the original population (Fig. 4) . This was the case for Gomprena serrata (Amaranthaceae) and Gymnolaena oaxacana (Compositae), whose percentage of filled seeds was less than 20 %. Compositae have been listed among the families producing high percentages of empty seeds (ENSCONET 2009) and for Mexican species of this family, as well as for species of other families, this phenomenon can be related to and emphasized by the lack of water availability during seed development. When seed quality is very poor, complementary ex situ conservation measures, such as in vitro propagation, should be applied (Pence 2013).
For the other species with low seed quality identified in this study (see Table 1 ), conventional seed banking can still be suggested (Fig. 4) , although seed collections in the field should be carried out with extra care (Way 2003) . In particular, production of parthenocarpic empty fruits has been reported for Bursera morelensis (Ramos-Ordoñez et al. 2008) , one of the most useful species of the Valley (i.e. used for fodder, firewood, wood and construction material, living fences, resins/latex, soil control, colorant; Lira et al. 2009a ) and other Bursera species (RamosOrdoñez et al. 2012) . Seeded and parthenocarpic fruits can be separated in the field at maturity by the Differences on DI values for the same species were due to the different applied germination conditions. Their uses according to the first level of ''Economic Botany data collection standards'' (Cook 1995, modified) are also reported. Species for which plant propagation activities were already carried out on the framwork of the UPP are in bold text a Species for which a poor seed quality was detected (see Table 1) presence of dehiscence, which is complete in seeded and partial in the parthenocarpic ones (RamosOrdoñez et al. 2008) . Damaged seeds in a seedlot can occur due to attack by insects or microbial pathogens at different stages in the seed life-cycle (Way 2003) . Leguminosae, in particular Acacia and Mimosa species, are among the taxa for which damage level exceeded the 50 % of banked accessions (Way 2003) as assessed in this study for A. compacta and Prosopis laevigata. It is very difficult to distinguish in the field between viable and infested seeds on Leguminosae and the loss of viable seeds should be compensated by extra seed collecting (Way 2003) . The germination and subsequent cut tests carried out on the stored seed lots identified three species with low seed viability (\50 %), although seeds appeared filled by X-ray analysis. These species were Actinocheita filicina (Anacardiaceae), Jatropha neopauciflora (Euphorbiaceae) and Heliocarpus terebinthinaceaus (Malvaceae). All these species can be found in narrow populations with few individuals and therefore, the low seed viability detected could be related to inbreeding (Å gren 1996; Fischer and Matthies 1998) or pollination related problems (Fischer and Matthies 1998; Jacquemyn et al. 2002) , although this should be confirmed by further studies. In addition, seeds of J. neopauciflora were collected before the right time of maturation because ripe seeds are available in the field only for a short period, due to their slow development and those of H. terebinthinaceaus are affected by high percentages of predation by insects on the plant.
Seed dormancy as an issue for plant propagation
The different seed processing and germination protocols used in the two institutions in some cases led to different germination results, highlighting the importance of published information on seed germination of wild native species (Godefroid et al. 2010; Hay and Probert 2013; Baskin and Baskin 2014) . It should also be taken into account that due to facility constraints at the Fes-I UNAM Seed Bank, only one germination condition could be tested. In this study it was possible to confirm the presence of seed dormancy for four species (see Table 2 ): Actinocheita filicina (Anacardiaceae), Bursera submoniliformis (Burseraceae), Karwinskia mollis (Rhamnaceae) and Lippia graveolens (Verbenaceae), with limited information on seed germination being available in the literature for seed germination of these species (Fig. 4) .
Fruits of Bursera sp. are dispersed through endozoochory which means that the seeds are protected against physical and chemical damage by hard layers (Ramos-Ordoñez et al. 2012 ). This woody endocarp could lead to physical (PY) or physiological (PD) seed dormancy depending on its permeability to water, whether it allows seed imbibition or not (RamosOrdoñez et al. 2012) . Seeds of many Burseraceae are reported to have PD or to be non dormant (Baskin and Baskin 2014) . Limited information is available in the literature on seed germination requirements of Lippia species (but see Galíndez et al. 2016 )and most of the study took a common garden approach, with seeds For all these four species, further studies using freshly collected seeds, with a factorial experimental approach under laboratory controlled conditions, should be carried out in order to identify the best treatments and incubation conditions for seed dormancy breaking and germination (Baskin et al. 2006 ). Alternatively, as dormancy level is likely to change during cold storage, and the conditions required for germination become less specific (Probert 2000) , the effect of storage time on seed germination should be considered and assessed, if using stored seed lots instead of freshly collected seeds, in seed dormancy studies (i.e. Vandelook et al. 2012; Mattana et al. 2014 ).
Useful species whose plant propagation by seed is not affected by dormancy A total of 18 species with a non dormant status were identified (see Table 3 ). Among them, Acacia farnesiana, Amphipteryngium adstringens and Fouquieria formosa are reported by Lira et al. (2009a) as being most used by the local communities of the Valley. However, A. adstringens was identified in this study as one of the species with a low production of viable seeds and therefore the propagation by seed of this species is constrained by seed availability.
Interestingly, the majority of these species are woody or tree species, suggesting that they could be used to support reforestation programmes with useful indigenous species, as aimed for by the UPP (Ulian et al. 2016 ) and confirmed by the successful propagation of five of these species through the project (see Table 3 ). In addition, half of these species are Leguminosae which have been reported to act as ''nurse plants' ' (e.g in restoration programmes. However, it should be taken into account that seed germination is only one of the steps in the plant life cycle and other issues could be detected in seedling establishment and survival.
Seed banking and germination studies as a support to the preservation of the traditional knowledge Knowledge on the use of plants is disappearing faster than the plants themselves (Alves and Rosa 2007) . Therefore, conservation of useful plants should not be limited to the preservation of their genetic resources, but it should include the cataloguing and preservation for future generations of their traditional uses. Through the UPP, information on plant and plant products uses associated to the species stored in the seed banks have been gathered and managed through a dedicated database (Ulian et al. 2016) . The uses of the ethnoflora of the Tehuacán-Cuicatlan Valley have been well investigated and documented in the past (e.g. Casas et al. 2001; Lira et al. 2009a) . All the main categories of uses documented for the Valley (Lira et al. 2009a ) are represented in the seed collections carried out through the UPP. Therefore, seed banking of wild useful species contributed to the preservation of the traditional knowledge of these rural communities by: (1) ensuring a back up of the genetic resources of wild useful plants; (2) providing information on their germination protocols; and (3) documenting and cataloguing the associated traditional knowledge on their uses, which represents an additional challenge in respect to the conventional ex situ conservation of either wild species or crop varieties.
Conclusions
The conservation in seed banks carried out through the UPP, contributed to delivering the GSPC Target 9 for the conservation of ''genetic diversity of crops including their wild relatives and other socio-economically valuable plant species, while respecting, preserving and maintaining associated indigenous and local knowledge'' (www.cbd.int/gspc) and Aichi Biodiversity Target 18 for the respect of ''the traditional knowledge, innovations and practices of indigenous and local communities relevant for the conservation and sustainable use of biodiversity, and their customary use of biological resources'' (http:// www.cbd.int/sp/targets) in Mexico. In addition, these results contribute to the achievement of the Target 2.5 of the United Nations' Sustainable Development Goals: ''By 2020, maintain the genetic diversity of seeds, cultivated plants and farmed and domesticated animals and their related wild species, including through soundly managed and diversified seed and plant banks at the national, regional and international levels, and promote access to and fair and equitable sharing of benefits arising from the utilization of genetic resources and associated traditional knowledge, as internationally agreed'' (https:// sustainabledevelopment.un.org/sdgs). Moreover, the stored species may represent sources of new genetic diversity and, as for the crop wild relatives, potentially be available for plant breeding experiments, contributing a wide range of beneficial agronomic and nutritional traits (Castañeda-Á lvarez et al. 2016) .
The germination experiments carried out for the stored species allowed the identification of: (1) species for which more in depth studies on seed dormancy and germination are needed before considering their propagation by seed at a large scale; (2) species whose germination protocols and seed lot availability may already enhance their sustainable use through plant propagation by seed.
This study also confirmed that conventional seed banking represents an effective technique for ex situ conservation of useful wild plant species in Mexico and may complement their in situ conservation as well as the sustainable management of small scale agriculture (Blanckaert et al. 2007 ) and traditional homegardens (Blanckaert et al. 2004) 
